INTRODUCTION
HIV infection is undertreated in Africa. Of the 21.2 million people eligible for antiretroviral therapy (ART) in December 2013 under the 2013 WHO guidelines 1 -which call for starting treatment at a CD4 count of 350 cells/mm 3 -only 37% were receiving HIV treatment as of December 2013. 2 It is no coincidence that 790 000 people in Africa died from HIV-related causes in 2014, accounting for 70% of AIDS-related deaths worldwide. 3 Rationing of ART is thus already occurring in Africa, 4 5 and the 2016 WHO recommendation to start treatment in 'all adults living with HIV, regardless of WHO clinical stage and at any CD4 cell count' (ref. 6 , p. xxxi) would dramatically increase the number of eligible patients and intensify the need for rationing. Accordingly, Rosen et al (ref. 4 , p. e303) stated: 'there is almost no chance that African countries will have the human, infrastructural, or financial resources to treat everyone who is in need'. The large mismatch between ART supply and demand and the life-and-death nature of AIDS treatment raise difficult ethical questions. Which patients should receive ART first, and which others should wait? What criteria ought to be used for the allocation of ART? How should allocation criteria be weighted?
Principles for the allocation of scarce medical interventions
Prioritising patients for scarce medical interventions is always grounded in value-based judgments. 7 Persad et al 7 have categorised those values into four types: (a) treating people equally, (b) favouring the worst-off, (c) maximising total benefits and (d) promoting and rewarding social usefulness. 7 Treating people equally: For many scarce medical resources, benefiting patients equally entails providing equal chances at those resources. A random process is simplest and most resistant to corruption, but it disregards relevant factors such as the number of years already lived. The principle of first-come first-served is frequently used in medicine and is recommended by some commentators for the allocation of intensive care beds 8 and organs, 9 but it not only disregards relevant factors like age but is open to the influence of morally non-relevant factors, such as wealth, that enable some patients to be first in line.
Favouring the worst-off prioritises patients in great need. Three versions of this are seen. The first is the sickest-first criterion, which gives priority to patients with the worst prospects if left untreated. It is commonly used in clinical medicine, for example, in the emergency department, when deciding whom to treat next. It may, however, result in giving too much attention to patients who look sick now at the expense of those with more severe underlying illnesses. 7 The second version is the youngest criterion, in which treatment is provided preferentially to those patients who have benefitted from less life. 7 This criterion may also neglect other relevant factors. The third version of worst-off (not discussed by Persad et al 7 ) is to favour the poorest members of society, patients who have no way to get treatment on their own. In societies in which the rich can obtain medications outside the official allocation programme, as in many African countries, 4 10 this version of the worst-off criterion is often used to allocate scarce treatments.
Promoting and rewarding social usefulness prioritises specific patients to enable them to fulfil important social functions or to reward them for doing this. 7 For instance, when dialysis was first introduced in the USA, social usefulness was a key consideration in allocating scarce dialysis machines: patients who were heads of families received priority over those who did not have dependents. 11 The identification of certain people, functions and values as more important than others may, of course, be problematic.
Maximising total benefits: In the spirit of utilitarianism, maximising strategies might involve saving the most lives or lifeyears 7 or producing the most quality-adjusted or disability-adjusted life-years. The choice of younger patients might be, accordingly, motivated less by a policy of favouring the worst-off and more by one of maximising benefit, that is, future life-years. 12 13 A policy might, of course, incorporate more than one criterion. Notably, WHO declares that, in principle, all patients infected with HIV should receive ART, but realises that, in practice, allocation decisions have to be made. WHO appears at first to be using the worst-off criterion: 'As a priority, ART should be initiated in all adults with severe or advanced HIV clinical disease (WHO clinical stage 3 or 4) and adults with a CD4 count ≤350 cells/mm 3 '. It points out, however, in support of this guideline, that studies have found that those with low CD4 counts benefit more from ART than do those with higher counts. Thus, WHO actually appeals to the criterion of maximising total benefits. It does not specify, however, how to choose among those patients who fall below the cut-off values, implying that supply will then be sufficient.
While substantial ethical analyses highlight morally relevant factors that might guide allocation of scarce medical interventions, 7 very little is known about how people directly affected by ART rationing decisions-that is, HIV-infected patientsthink those drugs should be allocated. This knowledge is, however, important as it could better inform the public debate about ART rationing policies.
Very few studies have addressed the issue of laypeople's views regarding ART allocation. Nann et al 14 examined how HIV-infected patients and healthcare providers in Cambodia think ART should be allocated. Participants were presented with 48 vignettes that varied in terms of the severity of infection, the patient's family responsibilities, the financial situation of the patient's family and the time elapsed since the first consultation. They found a diversity of opinions on the issue, with groups of participants focusing on different sets of factors: 37% gave high consideration to the family's financial situation, the family responsibility and the severity of infection; 31% only to the severity of infection; 29% to the financial sustainability of the patient's family and whether patients were responsible for young children; and 3% to family responsibility and the waiting time. Most respondents expressed the view that patients with considerable social needs, that is, parents of small children and/ or those already in a precarious financial situation, should be given priority. Healthcare providers were mainly in the cluster that emphasises the severity of infection while HIV-infected patients were mainly in the clusters that emphasise financial situation.
In Great Britain, Furnham et al 13 asked a sample of the general public to act as though they had to make decision in terms of priority of treatment for HIV-infected patients depicted in 16 vignettes. The vignettes were all combinations of four dichotomous features: younger versus older, male versus female, heterosexual versus homosexual and monogamous versus sexually promiscuous. The participants were most influenced by sexual orientation and activity and favoured patients who were younger, were heterosexual and were monogamous. Religious participants strongly favoured young, straight patients more than did less religious participants.
In the USA, Green et al 15 explored the views of HIV-infected patients and the general public regarding ART rationing policies and found that 73% disagreed with a first-come first-served policy, 72% disagreed with a sickest-first allocation system and 53% disagreed with policies that provided treatment to some but not all patients. HIV-infected patients more strongly disagreed with those policies than did the public.
Unfortunately, little attention has been paid to laypeople's views on the issue in African countries, although the extreme scarcity of antiretroviral drugs on this continent and the context of great poverty among its populations make ART rationing issues more challenging and different from what has been described on other continents. 4 5 The present study
The purpose of the present study is to examine how HIV-infected patients and healthcare providers in Togo think antiretroviral agents should be allocated. Togo is a western African country with a population of 7.3 million. 16 In Togo, HIV prevalence is 2.5%, and AIDS remains the most common cause of death, accounting for 17% of all deaths. 17 Antiretroviral treatment for HIV has been provided for free in Togo's official allocation programme since 2008, and 49.3% of HIV-infected patients were receiving ART in 2012. 18 The rationing policy for ART in such a public programme has strictly followed WHO's guidelines-that is, only medical considerations are used to make allocation decisions. 18 Healthcare providers inform their HIV-infected patients about this allocation criterion during follow-up consultations. Some rich patients have obtained their ART outside the official allocation programme, via private providers, at US$160 per month, 19 which is far above the median monthly income in Togo (US$47 in 2015). 20 The methodology used here was similar to that used in several other studies investigating laypeople's views on rationing scarce medical resources, [12] [13] [14] in that realistic vignettes depicting patients' situations were presented to participants who were instructed to rate them on a priority scale. The validity of this method for examining medical preference issues was supported by Ulrich and Ratcliffe 21 and by Froberg and Kane. 22 According to Ulrich and Ratcliffe, 21 the vignette technique makes it possible to assess how cues are weighted, how they are combined and how different groups of participants differ in weighting and combining. One condition for examining the processes of weighting and combining, independently of other processes, is that each participant has the same information presented in the same way. This methodology has been successfully implemented in previous studies of African laypeople's views on several ethical issues, namely physician-assisted suicide, 23 criminalisation of HIV infection 24 and breaking bad news to patients. 25 In the present study, the vignettes depicted the situation of an HIV-infected patient in need of antiretroviral drugs. They were composed of the four criteria commonly found in the literature on laypeople's views on rationing that were most relevant to the situation in Togo 10 12 14 : (a) the severity of the infection, (b) the patient's family responsibility, (c) the time elapsed since the first consultation and (d) the patient's financial situation. Participants were asked to assess the extent to which the patient described in each vignette should be given priority in the allocation of ART.
Our first hypothesis, based on previous studies, [12] [13] [14] was that when prioritising HIV-infected patients for ART, most people's judgments are influenced by factors included in the vignettes. Our second hypothesis, based on the findings of Nann et al 14 and previous studies on African people's views about ethical issues, [23] [24] [25] was that people have diverse views about which allocation factors are more important when giving access to ART. Our third hypothesis, based on the findings of Kapiriri and Martin 10 and Nann et al, 14 was that, when judging treatment priority for HIV-infected patients, most people combine multiple allocation factors-that is, social, financial and medical considerations-rather than focus on the single medical factor, as recommended by WHO. 6 Our fourth hypothesis was that, among allocation factors considered for this study, the most important to people would be the patient's financial difficulties. This hypothesis is based on findings from previous studies from developing countries, 10 14 and on the social justice agenda pursued by some African governments which favours the poorest members of society, those who cannot afford treatment on their own. 4 
10

METHODS Participants
The 321 participants were either HIV-infected patients attending HIV/AIDS centres in Lomé or members of the clinical staff. The centres offer free medical care and various other services (eg, counselling and social support) to people living with HIV.
From June to September 2015, five trained research assistants approached 302 consecutive HIV-infected patients seeking routine services in these centres. They also contacted 200 health caregivers working in these centres. After receiving full explanations of the study and its procedures, 200 HIV-infected patients (119 women and 81 men, aged 18-65 years) and 121 healthcare providers (28 physicians, 27 medical assistants, 27 nurses and 39 nurse's assistants) agreed to participate. The participants were unpaid volunteers. See table 1 for more details about their demographic characteristics. Although most HIV-infected patients in Togo are female and under 40 years of age, 18 as reflected in this study's sample, no reliable statistics were, however, available for precisely assessing the extent to which the sample was biased for all the demographic characteristics considered for this study. Previous studies on people's views regarding ethical issues 14 21 24 25 have, however, shown that the recruitment technique used for this study is an efficient means of revealing the different possible positions.
Material
For the sake of comparison, the material used in the present study was exactly the same as that used in Cambodia by Nann et al.
14 It could be used without changes because it was well adapted to the current situation in Togo and was understood by all participants. It consisted of 48 cards containing a story of a few lines, a question and a response scale. The stories were composed by systematically varying the levels of four factors: (a) the name] should be given priority in the allocation of treatment?' The response scale was an 11-point scale with anchors of 'Not at all a priority' (0) and 'Extremely high priority' (10). The cards were arranged by chance and in a different order for each participant. The material was in French, the official language in Togo. Two examples of scenarios are given in online supplementary appendix A, and the whole set of scenarios is shown in online supplementary table S1.
A scale was used-rather than, for example, asking the participants to allocate a limited set of tokens among the patients-because the aim of the present study was not to derive a numerical ranking of each of the scenarios, but to make quantitative inferences from participants' responses about what factors were most important to them and in what way they combined the information from multiple factors.
Procedure
The site for the experiment was a quiet room in the HIV/AIDS centres. Each person gave his or her informed consent and was tested individually by the research assistants. As recommended by Anderson, 26 the sessions had two phases. In the familiarisation phase, the assistant researcher explained to each participant what was expected: that he or she was to read a certain number of stories in which a person living with HIV is in need of treatment and was to indicate, in each case, the degree of priority attributed to the patient. Next, each participant was presented with 24 stories randomly taken from the complete set. The participant read each story out loud, after which the assistant reminded him or her of the items of information the story contained. The participant then provided priority ratings. After completing the 24 ratings, the participant was allowed to compare responses and change them. In the experimental phase, the whole set of 48 stories was presented. Each participant provided ratings at his or her own pace, but was no longer allowed to compare responses, nor to go back and make changes as in the familiarisation phase.
The participants took 30-45 min to complete both phases. The experimental phase went quickly because they were already familiar with the task and the material.
Ethics approval for the study was obtained from the Institutional Review Board of University of Québec (TELUQ). Full anonymity was provided to all participants.
Statistical analyses
For each of the 48 scenarios, each mark along the response scale was converted into a numerical rating ranging from 0 to 10. As expected, we detected strong individual differences in responses during data gathering. Accordingly, we performed cluster analysis on the raw data using the K-means method, as recommended by Hofmans and Mullet. 27 Several solutions were tested: two, three, four, five, six and seven clusters. Finally, we performed χ 2 tests to examine the effects of demographic characteristics.
RESULTS
The participants' mean ratings for the scenarios ranged from 1.17 to 9.72 (overall mean=5.59). The five-cluster solution was retained because it was the one that produced the most interpretable findings. Further testing using the elbow technique-a technique similar in spirit to the scree test in factor analysissupported the validity of this choice. 28 The patterns of data that correspond to the first four clusters are shown in figures 1 and 2 , and the distribution of participants in each cluster is shown in table 1.
The first cluster (N=13, 4%) was termed Infection since the factor that had the greatest impact on priority ratings was the severity of infection. The lower the CD4 count, the higher the priority (means of 9.29, 6.03 and 0.80 for levels of <50, 50-200 and >200, respectively). The other factors had only a very weak impact on the ratings.
The second cluster (N=37, 12%) was termed Financial situation since the factor that had the greatest impact on the priority ratings was the financial sustainability of the family. The lower the family's income, the higher the priority (means of 9.17 and 0.81 for levels of 'does not have enough income to keep everyone alive' and 'enough income', respectively). The other factors had only a very weak impact on the ratings.
The third cluster (N=41, 13%) was termed Social situation and infection. As in the first cluster, the severity of infection had an impact on the priority ratings. Patients with a very low CD4 count were given greater priority (M=8.27) than patients with a moderately low CD4 count (M=5.56) and with a higher count (M=2.88). As in the second cluster, the sustainability of the family had an impact on the priority ratings. Patients from poor families were given greater priority (M=6.65) than patients from sustainable families (M=4.49). In addition, the family situation factor had an impact on ratings: the older father was considered as having slightly less priority than the other patients. The four means were 3.90 (older father of adult children), 5.71 (young male without children), 6.25 (young mother of four) and 6.42 (young father of four). Also, the three factors interacted in a complex way. In the case of a very poor family, the infection factor had its strongest effect when the patient was old. In the case of a sustainable family, the infection factor had its strongest effect when the patient was young.
The fourth cluster (N=209, 65%) was termed Financial situation and infection since both factors had strong impacts on the priority judgments. This cluster was by far the largest. As in the third cluster, patients with a very low CD4 count were given greater priority (M=7.00) than patients with a moderately low CD4 count (M=5.63) and with a higher count (M=4.32). Also, patients from poor families were given greater priority (M=8.30) than patients from sustainable families (M=3.00). Contrary to what was found in the third cluster, however, the family situation factor had no effect on ratings. In addition, the infection factor had a weaker effect in the case of a very poor family (9.30 -7.32=1.98) than in the case of a sustainable family (4.71 -1.31=3.40).
The fifth cluster (N=20, 6%) was termed Treatment in all cases because the ratings were high in all cases (overall mean=7.93). The infection factor had a slight effect (8.76 -7.16=1.60). This cluster is not shown in figure 1 .
As shown in table 1, the composition of the clusters differed significantly as a function of the participants' groups. Physicians are more frequent (86%) in the Social situation and infection cluster than patients (2%), nurse's assistants (8%), medical assistants (15%) and nurses (22%). Thus, most of them applied a complex judgment process integrating information about income, family responsibilities and severity of infection. Only one of the physicians based his or her priority judgment solely on severity of infection, as recommended by WHO. 6 Most patients (80%), nurses (56%) and medical assistants (52%) based their priority judgments on the patient's financial situation and severity of infection, while only 11% of physicians did so. The medical assistants and nurse's assistants were most likely to conform strictly to the WHO recommendations.
DISCUSSION
While rationing of ART is inevitable in Africa, this study is the first to examine how HIV-infected patients and healthcare providers in an African country think antiretroviral agents should be allocated.
The first hypothesis was that, when prioritising HIV-infected patients for ART, most people's judgments are influenced by factors included in the vignettes. The data supported this hypothesis: the participants' priority judgments were influenced by the financial situation of the patient, the severity of HIV infection, the patient's family responsibilities and the time elapsed since the first consultation. Patients in the scenarios, who were parents of young children, poor, severely sick and waiting for a long time, received priority over those who had adult children or no children, were wealthy, were not severely sick and had been put on the waiting list more recently. This finding was consistent with that of Nann et al 14 in Cambodia and Stahl et al 12 in the USA, and suggests that laypeople are sensitive to medical as well as social factors involved in patients' situations, when giving access to scarce life-saving treatments.
The second hypothesis-that several qualitatively different positions about which allocation factors are more important would be found-was supported by the results. Five positions Figure 1 Patterns of results corresponding to 'Infection' cluster (upper-row panels) and 'Financial situation' cluster (lower-row panels). The results for the scenarios of families with sufficient income are on the left side and for those of families with insufficient income on the right. The priority ratings for the scenarios are on the y-axis. These are separated according to the identity of the patient (on the x-axis) and the severity of the infection (on the three curves). OF, older father (with adult children); YF, young father (with four young children); YM, young mother (with four young children); YPWC, young male without children.
were identified: in order of frequency, 'Financial situation and infection', 'Social situation and infection', 'Financial situation', 'Treatment in all cases' and 'Infection'. This supports the findings of Nann et al 14 in Cambodia and suggests that people vary considerably in the way they weight and combine allocation factors-when giving access to ART.
The third hypothesis-that, when prioritising patients for ART, most people combine multiple allocation factors, rather than considering one alone-was also supported by the data. Seventy-eight per cent of participants combined more than one allocation factors in determining a patient's priority. They took into account severity of infection-WHO's sole allocation criterion-as well as social considerations ( patient's financial sustainability and family responsibilities). Thus, in the view of the large majority of participants, no allocation criterion is sufficient on its own to make a fair allocation.
The fourth hypothesis-that the most important criterion for people would be the patient's financial sustainability-was also supported by the results. The two factors with the greatest impact were the patient's financial situation and the severity of infection. The participants integrated these factors such that patients who were financially sustainable were never given a high rating, irrespective of infection severity. A patient was given priority only when, in addition to being severely sick, he or she was poor-that is, had no way to get treatment on his or her own. While treatment denial on grounds of the patient's ability to pay may appear striking and controversial, this consideration is not uncommon within healthcare in many African countries 4 26 and may appeal to participants' sense of equity-a need to protect the most vulnerable. As Kapiriri and Martin 10 reported from Uganda, 'When drugs are limited, patients who can afford them are denied free drugs so as to benefit those who cannot afford to buy them'.
Yet patients did not insist solely on social criteria nor healthcare providers on medical ones. Instead, most patients (82%) and healthcare providers (74%) used both medical and social criteria Figure 2 Patterns of results corresponding to 'Social situation and infection' cluster (upper-row panels) and 'Financial situation and infection' cluster (lower-row panels). The results for the scenarios of families with sufficient income are on the left side and for those of families with insufficient income on the right. The priority ratings for the scenarios are on the y-axis. These are separated according to the identity of the patient (on the x-axis) and the severity of the infection (on the three curves). OF, older father (with adult children); YF, young father (with four young children); YM, young mother (with four young children); YPWC, young male without children.
in judging priority. Furthermore, even though most patients (80%) were in the Financial situation and infection cluster and most physicians (86%) in the Social situation and infection onesuggesting that patients may be more sensitive to a patient's financial situation and physicians to his or her family situation-the difference in meaning between the two clusters is not great. Accordingly, a consensus among patients, physicians and other healthcare providers might not be difficult to reach if health authorities, patients and the public in Togo chose to work together to agree on a policy for allocating antiretroviral drugs.
Participants gave the least consideration to the first-come firstserved principle when making their allocation decisions. This supports previous findings from studies on rationing antiretroviral treatment. 14 15 Although the first-come first-served principle appears to promote fair equality of opportunity, it is frequently rejected as morally unjustifiable. According to Persad et al, 7 for example, this principle ignores relevant individual differences and even fails to treat people equally as it favours people who are well-off and is susceptible to corruption. In Malawi, for example, HIV-infected patients with political, social and economic influence are 'involved in a high degree of queue jumping' to receive antiretroviral drugs (ref. 29, p. 47) .
In the present study, despite being told to assume that a rationing decision was necessary, a small group of respondents (6%) did not take into account the information in the scenarios and expressed the view that all patients should get treatment. This raises the question of whether they understood the task at hand or simply disagreed with the practice of ART rationing. Rejecting ART rationing was in any case the position one respondent communicated to us: 'La justice n'est pas de décider qui doit mourir mais de rendre les traitements accessibles en Afrique' [Justice is not to decide who should die but to make treatment accessible in Africa]. This position may appear extreme, but it is supported by Médecins Sans Frontières, which considers the practice of ART rationing as fundamentally unethical because it conflicts with the ideal of universal access to treatment and the human right to health. 30 This study has some limitations. First, this study used a sample of only moderate size, restricted to participants living in one precise area. Second, many other factors not investigated in this study can potentially influence HIV-infected patients' and healthcare providers' views regarding ART allocation. Any generalisation of the findings must, therefore, be done with care. Third, the experimenter did not ask further questions to the respondents to elucidate the reasons underlying their viewpoints. Future follow-up studies using qualitative methods are needed to understand the respondents' justifications.
Despite these limitations, this is the first study that can help to inform policymakers in Togo about the views of those directly affected by ART rationing decisions. These people's views are particularly important in the ongoing efforts of Togolese government to reach agreement about how to balance competing morally relevant values in setting up a fair ART rationing system.
